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Diethylstilbestrol (DES), a synthetic estrogen hormone, has been 
found to be carcinogenic in certain animal species. It has been the 
subject of clinical and scientific interest since the early 1900's. 
Although a large amount of evidence has been reported regarding its 
possible carcinogenic effect during the adolescent period, little is 
known about DES' causal role of inducing changes in chick embryos. 
It was the purpose of this investigation to obtain data which would 
determine the effects of DES on ovaries of the 16-18 day old chick 
embryos. Our results suggest that 0.5 cc of DES injected on day 5 of 
gestation causes an increase in the mean concentration of crude RNA 
in the 16, 17 and 18 day-embryos. It is hoped that this study will 
advance the thinking and stimulate further study leading to the 
elucidation of the causal role of DES in inducing this anomaly. 
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Diethylstilbestrol (DES), a synthetic hormone, has been used ex¬ 
tensively in the United States and in many other countries in a 
variety of ways that bring it into contact with humans. Diethylstil¬ 
bestrol has been used to prevent abortion in recurrently-aborting 
women; to prevent implantation of the fertilized egg ("morning-after 
pill"); to replace endogenous estrogens in post-menopausal women, 
and to facilitate growth in livestock (Gill, 1976). Because of re¬ 
cent reports that DES may cause cancer in humans, studies on the 
effects of this drug have gained a renewed interest in the médical 
and biological world (Noller et al., 1976). In 1971, Herbst et al. 
discovered that a rare cancer of the genital tract in young women, was 
associated with a special type of medical history. Its etiology was 
related to mothers of these offsprings who received DES or similar 
compounds during pregnancy in about 65% of the cases. This disease, 
called "clear cell adenocarcinoma," was the first human example of 
possible transplacental carcinogensis (Noller et al., 1974). 
The most clinical use of DES is for the control of menopausal 
symptoms. Because it is highly effective when given orally, DES 
quickly supplanted the natural estrogens. The primary objective in 
treatment for menopausal symptoms is to relieve the symptoms without 




These studies were conducted to determine the effects of DES 
on the concentration of ribonucleic acid (RNA) and its accumulation 
over a sequential period during the transient hormonal synthesis in 
the developing ovaries of the 16-18 day-old chick embryo. 
CHAPTER II 
REVIEW OF THE LITERATURE 
Hormones regulate growth, differentiation and metabolic activi¬ 
ty in most tissues. Hormones also influence the synthesis, degrada¬ 
tion, and function of RNA (O'Malley et al., 1969). Since it was 
first determined that ribonucleic acids play a central role in the 
control of protein synthesis in microorganisms (Jacob and Monod, 1961), 
a large body of experimental evidence has accumulated suggesting that 
animal hormones also regulate the amount of cellular enzymes and 
structural proteins synthesized through RNA mediators (Tata, 1966). 
Recent studies have shown that in certain tissues, such as the uterus 
(Gorski, 1965), male accessory sex tissues (Williams-Ashman et al., 
1964), and liver (Kenny, 1965), all major RNA fractions were stimu¬ 
lated by the appropriate steroid hormone. 
Estrogens play an important and complex role in the growth of 
endometrium and the greatly increased vasculature of the uterus. 
Estrogens stimulate the early growth of the uterus and maintain it. 
They prepare the uterus and the fallopian tubes for stimulation by 
progesterone following ovulation, i.e., the estrogenic hormone is 
responsible for pre-ovulatory growth of the uterus in each estrus 
cycle. An excess of estrogen can prevent the proper edometrial re¬ 
sponse to progesterone. 
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Diethylstilbestrol causes benign adenosis, which was described 
in 1877 by Van Preuschen who found granular structures lined by tall, 
cylindrical, mucus-secreting epithelial cells in the submucosa of four 
of the 36 human (female) vaginas examined at autopsy. Alder (1912) 
was the first to extract a biologically active substance from ovarian 
tissue. Its nature was quickly confirmed by other researchers. Frank 
(1922) demonstrated that the active substance was a component of the 
follicular liquid, rather than of the whole ovary. The following year, 
Allen and Doisy (1923) described a method of assaying for the "estrus- 
producing" hormone. Doisy et al. (1929) prepared the first nearly pure 
estrogenic compound. At this time, efforts eventually resulted in the 
beginning of diethylstilbestrol. Barnes (1932) found that estrogens 
cause breast cancer in experimental mice. 
A history of most of the significant hormone research for the 
next 10 years is a history of the work of E. C. Dodds. Dodds et al. 
(1938) synthesized the nonsteroidal estrogenic substance, diethylstil¬ 
bestrol. Besides being a potent estrogen mimicking substance, this 
drug was equally effective when given orally or parenterally. Bishop 
et al. (1939) showed that the drug quickly passed from animal to 
human investigation, was used in a number of endocrine disorders. 
Buxton and Engle (1939) introduced DES into meat production, first 
for its caponizing effect: in growing chicken (in which it increased 
deposition of subcutaneous fat), and cattle for increasing the 
production of lean beef. In cattle, DES stimulates the production 
of protein and decreases the production of fat. However, most studies 
on DES in the 1940's were aimed at the results of various therapeutic 
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regimens rather than at the question of metabolism, toxicity, and 
carcinogenicity. Despite the widespread use of DES for more than 
30 years, little is known about the metabolism of this compound. 
Herbst et al. (1950) reported that breast cancer was induced 
in women by prolonged and excessive treatment with estrogens, and 
it was alleged that giving DES pills would prevent spontaneous abor¬ 
tion. Many pregnant women used this treatment prescribed by their 
physicians. In 1952, ingenious explanation for the role of estrogen 
in controlling prostatic cancer growth was offered by Nicol et al. 
They demonstrated that stilbestrol stimulated reticulo-endothelial 
macrophages in the spleen, liver, and lymph and that these macrophages 
were mobilized and accumulated in secondary sex organs. A large 
number of DES-exposed male offsprings have been identified. Gill 
et al. (1976) suggested an increased incidence of abnormal sperm 
counts and the occurrence of benign epididymal tumors. 
Estrogen stimulation of the uterus leads quickly to an increase 
in the rate of incorporation of precursors into RNA (Segal et al., 
1965). According to Means and Hamilton (1966), one of the earliest 
known responses to estrogens in the female genital tract occurs with¬ 
in minutes of administration; this is the acceleration of nuclear 
synthesis of RNA. More widespread RNA synthesis within the uterine 
cells follow within an hour. 
CHAPTER III 
MATERIALS AND METHODS 
Embryonated chicken eggs of the White-Leghorn, Kimber strain 
were used in these experiments. The eggs were incubated at 37 C for 
120 hr of development. On day 5 the eggs were examined with an in¬ 
candescent viewer to determine the locality of the embryos and their 
specific stages of development. On this day, the egg shell was 
swabbed with 70% alcohol and the air sac area of the shell punctured 
with straight-end forceps. The eggs were then ready for DES or saline 
injection. Diethylstilbestrol (DES) was prepared by diluting 0.01 ug 
DES in 100 ml of deionized water. A 0.5 cc sample of DES was injected 
into the air sac of embryos of the experimental group. The manipula¬ 
tive control embryos were injected with 0.5 cc saline. The normal 
(untreated controls) embryos served as monitors of normal changes in 
RNA of ovarian tissues during late embryogensis. 
The air-sac injected eggs were then sealed by covering the punc¬ 
tured hole with warm paraffin and reincubated until days 16-18. The 
ovarian tissues were removed on these specific days, homogenized in 
saline and maintained in the freezer until working amounts of tissue 
were accumulated to carry out the assays for determining changes in 
concentrations of ovarian tissues. 
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Precedure for Isolation of RNA from Ovarian Tissues 
The following standard protocol was designed for determining 
the amount of solutions utilized for the extraction of RNA from 
ovarian tissues. In the extraction of RNA from ovarian tissues, the 
following amounts of each solution were used per gram of tissue: 
8 ml of sodium citrate, 80 ml of 15% duponol C in 0.14 M NaCl: 
0.01 M sodium citrate, and 1.5 ml of 1.4 M NaCl. After ovarian 
tissues were homogenized in 5 ml of 0.85% NaCl, the above mentioned 
solutions were added in the following sequence. To the fresh or 
freshly thawed homogenates of chick ovaries, 0.01 M sodium citrate 
was added slowly so as to obtain an even suspension. This suspen¬ 
sion was homogenized for 30 min by hand and a proportional amount 
of absolute ethanol added with constant stirring. The resulting 
precipitate was centrifuged at 5,000 rpm for 10 min at room temperature 
and the supernatant was decanted. Using a glass homogenizer, the 
precipitate was blended with a proportional amount of 1.4 M NaCl and 
centrifuged for 25 min at 5,000 rpm. After centrifugation, the super¬ 
natant was decanted and saved. The precipitate was resuspended by 
stirring in a proportional amount of 1.4 M NaCl and centrifuged at 
5,000 rpm for 25 min as before. The first and second clear salt 
extracts of the precipitate were combined and an equal volume of 
absolute ethanol was added to the extract by stirring for 30 min with 
a glass rod. The crude RNA precipitated (usually in the form of 
long fibers) was collected and stored in a freezer. 
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Quantitative Determination of RNA from Cellular Homogenates 
In these experiments the Bial orcinol reaction was used to 
measure the amount of RNA by clorimetric comparison with known 
amounts of RNA. The colorimetric analysis is based on the propor¬ 
tionality of sugar liberated and color developed from two similar 
samples (standard and isolate) under identical conditions. 
In order to determine the amount of RNA in the isolate sample 
using the Bial orcinol reaction, five test tubes were set up accord¬ 
ing to the following protocol: 
Tube 1 - 5.0 ml of distilled water 
5.0 ml of orcinol 
Tube 2 - 4.0 ml of distilled water 
1.0 ml of DNA (Purified Salmon Sperm DNA, 250 ug/ml) 
5.0 ml of orcinol 
Tube 3 - 4.0 ml of distilled water 
1.0 ml of RNA (Purified Yeast RNA, 250 ug/ml) 
5.0 ml of orcinol 
Tube 4 - 4.0 ml of distilled water 
1.0 ml of ribose 
5.0 ml of orcinol 
Tube 5 - 4.0 ml of distilled water 
1.0 ml of sample 
5.0 ml of orcinol 
A DNA standard was also assayed along with each of the above experi¬ 
ments . 
The contents of each tube were thoroughly mixed by swirling and 
the tubes were immersed in a boiling water bath for 30 min. Sub¬ 
sequently, each tube was cooled under running tap water and set 
aside in preparation for spectrophotometric analyses. The colori¬ 
metric wavelength was set at 620 nm and standardized using the dis¬ 
tilled water test tube as a blank. Tubes 2, 3, 4, and 5 were read 
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against the blank. 
Calculations of RNA in Isolates 
The absorbance (T) of the RNA solution was compared with that of 
the isolate sample tube to calculate the RNA content of the sample 
isolate as follows: 
RNA in the isolate (ug/mg) = %T of isolate x 250 ug/ml 
%T of RNA solution 
Total Protein Determination 
Total protein was determined by the Lowry method. Preparatory 
tubes were labeled as reagent blank, standard, and sample. To the 
reagent tube, 1.0 ml of total protein blank was added; 1.0 ml of 
protein standard was added to the standard tube; and to the sample 
tube 0.1 ml of the sample was added and the solutions were allowed 
to stand at room temperature for 10 min. While mixing the solutions, 
0.1 ml of Folin Phenol Reagent was added and the tubes were then 
read at 750 nm 30 min later using the reagent blank as a reference 
source. Calculations were made using the following formula: 




The concentration of crude RNA (ug/mg protein) obtained from 
ovarian tissues of normal, saline and DES-treated embryos was de¬ 
termined. Crude RNA obtained from 16-day normal ovarian homogenates 
showed a mean assayed concentration of 53.0 ug/mg protein/100 ml 
(Table 1; Fig. 1). Tissues from saline-treated chick embryos showed 
an ovarian tissue crude RNA concentration of 51.0 ug/mg protein/100 
ml (Table 1; Fig. 1). There is no statistically significant difference 
in these mean concentrations. On the other hand, DES-treated tissues 
exhibited a marked increase in the mean concentration of RNA to 100.0 
ug/mg protein/100 ml (Table 1; Fig. 1). The mg protein in 2 and 3 
groups had no relatively significant change for the normal (0.22) 
and saline-treated embryos (0.21) but exhibited a marked increase 
(0.42) in DES-treated (Table 4; Fig. 2). 
Crude RNA obtained from ovarian tissues of 17-day-old embryos 
showed a mean assayed concentration of 43.0 ug/ml protein/100 ml 
(Table 2; Fig. 1). Those ovarian tissues from saline-treated embryos 
showed a mean concentration of 44.0 ug/mg protein/100 ml (Table 2; 
Fig. 1). DES injections caused a marked increase in the mean con¬ 
centration of ovarian tissue RNA to 105.0 ug/mg protein/100 ml in the 
chick embryos (Table 2; Fig. 1). The mg protein was very close for 
the normal (0.17) and saline (0.18) treated 17-day-old chick embryos, 
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Table 1. Concentration of crude RNA ug/mg protein from ovarian 
tissues of 16-day normal, saline and DES-treated chick 
embryos. 
No. Mean S. D. Mean Range 
Untreated 10 53.0 +7.28 49.0-57.0 
Saline 10 51.0 +7.14 47.0-53.0 
DES 10 100.0 +10.0 94.0-106.0 
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Table 2. Concentration of crude RNA ug/mg protein from ovarian 
tissues of 17-day normal, saline and DES-treated chick 
embryos. 
No. Mean S. D. Mean Range 
Untreated 7 43.0 +6.55 41.0-45.0 
Saline 7 44.0 +6.63 43.0-47.0 
DES 7 105.0 +10.3 100.0-111.0 
13 
Fig. 1. A graph showing the changes of crude RNA of 16, 17 and 
18-day normal, saline and DES treated ovaries. 
Time (Days) 
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with a marked increase (0.43) in the DES-treated embryos (Table 4; 
Fig. 2). 
Crude RNA obtained from 18-day normal ovarian tissue showed 
a mean assayed concentration of 40.0 ug/mg protein/100 ml (Table 3; 
Fig. 1). Tissues from saline-treated chick embryos showed a mean 
ovarian tissue crude RNA concentration of 42.0 ug/mg protein/100 ml 
(Table 3; Fig. 1). DES-injected tissues showed a mean assayed con¬ 
centration of 99.0 ug/mg protein/100 ml (Table 3; Fig. 1). The mg 
position was very close for the normal (0.16) and saline (0.17) 18- 
day-old chick embryos; DES showed a marked increase (0.41) for the 
18-day-old embryos (Table 4; Fig. 2) . 
In summary, DES causes an increase in crude RNA in the ovaries 
of the 16-18 day old chick embryos. There is also an increase in 
protein synthesis of the ovaries subjected to DES treatments. 
15 
Table 3. Concentration of 




ug/mg protein from ovarian 
saline and DES-treated chick 
No. Mean S. D. Mean Range 
Untreated 7 40.0 +6.33 39.4-41.0 
Saline 7 42.0 +6.48 41.0-43.0 
DES 7 99.0 +9.95 97.6-101.0 
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Table 4. Total protein changes in 16, 17 and 18-day normal, saline 




Samples Mean (mg/100 ml) 
16 N 10 0.22 
SC 10 0.21 
DES 10 0.42 
17 N 7 0.17 
SC 7 0.18 
DES 7 0.43 
18 N 7 0.16 
SC 7 0.17 
DES 7 0.41 
N = Normal 
SC = Saline Control 
DES = Diethylstilbestrol 
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Fig. 2. A graph showing changes in total protein of 16, 17 and 
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CHAPTER V 
DISCUSSION 
Diethylstilbestrol has been found to be carcinogenic in cer¬ 
tain animal species. Estrogens may exert their stimulatory effect 
on target tissues by initial activation of RNA synthesis. Estrogen 
stimulation of the uterus leads quickly to an increase in the rate 
of incorportion of precursors into RNA (Segal et al., 1965). Ac¬ 
cording to Means and Hamilton (1966), one of the earliest known 
responses to estrogens in the female genital tract occurs within 
minutes of administration; this is the acceleration of nuclear 
synthesis of RNA. More widespread RNA synthesis within the uterine 
cell follows within an hour. Morphological abnormalities also have 
been seen in the reproductive tract of mice (McLachlan et al., 1977), 
cattle (Ray et al., 1969), rats (Andrew, 1977), fowl (Ober, 1976), 
and rabbits (Meissner, 1957). Estrogens as a class stimulate 
lipogenesis; increased synthesis in the liver is followed by lipemia 
in which the concentration of most normal serum lipids are increased. 
This phenomenon is the basis for using stilbestrol to fatten poultry, 
cattle, and sheep for market, either as a food additive or by im¬ 
planting subcutaneous pellets, the latter method often being used 
in chickens (Lorenz et al., 1972). 
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In our laboratory, we are interested in the effects DES has on 
the concentration of RNA in the developing ovaries of 16-18 day-old 
chick embryos. Consequently, this study was conducted to determine 
and gain an understanding of the role of synthetic estrogen analogs 
such as DES in regulating RNA synthesis and as a consequence affect 
development of ovaries during avian embryogensis. In this investi¬ 
gation, it was found that the ugRNA/mg protein/100 ml are apparently 
increased in chick embryos treated with DES as compared to those of 
the untreated embryos and from those treated with an equal volume of 
saline. This occurred on days 16, 17 and 18. 
The results of this study clearly showed that 0.5 cc of DES in¬ 
jected on day 5 of gestation causes an increase in the mean concen¬ 
tration of crude RNA in the 16, 17 and 18 day-old embryos; DES also 
caused an increase in the mg of protein that was synthesized. To 
corroborate that it was the DES that caused the increase in the mean 
concentration of RNA, the effects of 0.85% NaCl on RNA synthesis in 
ovarian tissues were monitored. In the 16, 17 and 18 day-old embryos, 
physiological saline showed no statistically significant difference 
in the mean concentration of crude RNA in the data from the untreated 
embryos at comparable periods. Therefore, these findings support the 
postulation that the DES does indeed cause an increase in the mean con¬ 
centration of crude RNA. 
Estrogenic substances are known to stimulate oviduct growth in 
newborn and older chicks (Brandt and Nalbantord, 1965). Other investi¬ 
gators have found that estrogen markedly increased synthesis of nucleic 
acids and numerous tissue specific proteins (O'Malley and Kohler, 1967; 
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O'Malley and McQuire, 1968). Furthermore, it was found that the ad¬ 
ministration of a single dose of progesterone to estrogen-stimulated 
chicks resulted in the induction of a specific oviduct protein, 
avidin, which was synthesized in response to progesterone (Hertz, 1943 
Korenman and O'Malley, 1968; O'Malley and Kohler, 1967; O'Malley and 
Korenman, 1967; O'Malley and Kohler, 1967). Utilizing synthetic 
estrogens such as DES, it has been found that within 24 hr after its 
administration, there is a marked stromal edema which proceeds upward 
from the perinuclear area to involve the entire subepithelial region. 
This edema is accompanied by an interstitial invasion of round mono- 
nucleated cells which originate from within vessels (O'Malley et al., 
1968). At about day 4 after the administration of DES the tissues 
or glands of the chicks begin to develop as budlike invaginations of 
the original columnar epithelium into the edematous subepithelial 
stroma. By day 6 after DES treatment, ciliated cells have begun to 
appear in the surface layer. 
It was confirmed that the administration of hormones to an 
animal results in an increase in the synthesis of RNA in the target 
cells, followed by an increase in protein synthesis. These findings 
were entirely consistent with the hypothesis that the steroid hormones 
act at the level of the gene (O'Malley and Schrader, 1976). We can 
conclude that DES, when injected into the air-sac of the embryos, 
cause an increase in the mean concentration of crude RNA. It is hoped 
that this study will advance the thinking and stimulate further study 
leading to the elucidation of DES' causal role in this anomaly. 
CHAPTER VI 
SUMMARY AND CONCLUSIONS 
Recent experimental and clinical investigations have shown that 
DES induces carcinoma of the genital system and causes cancer in 
humans and upsets some physiological functions in animals, resulting 
in abnormalities. To investigate and acquire an explanation for these 
reported cellular dysfunctions, the following was initiated: 
1. Experiments were done to investigate the effects of 
DES on the concentration of RNA in the developing 
ovaries of 16-18-day-old chick embryos. 
2. White Leghorn chickens were injected with 0.5 cc 
of DES dissolved in 100 ml of deionized water on 
day 5 of gestation. On days 16, 17, and 18 the 
chickens were sacrificed and their ovaries re¬ 
moved . 
Results showed that 0.5 cc of DES injected on day 5 of gestation 
causes an increase in the mean concentration of crude RNA in the 16, 
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